This work analyzes the possible links between CDS premiums and bond spreads, with reference to both Eurozone sovereign and corporate markets, within the period 2011-2018. The main goal of this work is to provide more up-to-date results about the theoretical equivalence between the CDS premium and the credit spread of the underlying bond, and about the price discovery process of the credit risk between the CDS market and the bond market. While, theoretically, the CDS-bond basis must tend to zero, the analysis on all the considered markets has shown that it results to be constantly away from parity and, more specifically, positive on average. The analysis of the price discovery process of the credit risk between the CDS market and the bond market, analyzed by means of the VAR and VECM models, confirms the leader role of bond spreads for almost all the analyzed entities. These evidence could be useful for arbitrageurs, who want to take advantage of potential market inefficiencies, and for regulators interested in guaranteeing the financial system stability through timely and correct inclusion of all available information in the security prices, avoiding any adverse selection issue.
that one of the typical risk related to bond instruments-the credit rick-can play a key role in the price discovery process, and its importance for maintaining the bond market balance 1 . In the last few years, in fact, different regulations have been approved for enhancing the market transparency and the correct valuation of derivatives 2 .
The relationships between the credit risk, represented by CDSs, and the bond market have been widely discussed, in the aim of understanding whether the speculative use of these derivatives could negatively influence the dynamics of bond prices.
Essentially, the link between the CDSs and bonds is based on the Duffie theory (see [1] ), who was the first to develop a CDS pricing model and to prove that the difference between the CDS premium and the bond spread must theoretically be equal to zero. The difference between the two values is called CDS-Bond Basis.
The Duffie theory is based on the fact that both CDS prices and bond prices are determined by the same elements: the credit risk value and the risk-free rate.
Therefore, a portfolio made up of a bond and the purchase of a CDS on the same underlying bond, synthetically replicates the performance of a risk-free asset.
This means that the difference (or spread, S) between the bond yield (r) and the CDS premium (P) must equalize the risk-free rate (rf ). Therefore, it is important to analyze how the link between CDS and bond 1 For this reason, the ISDA (International Swaps & Derivatives Association) was founded in 1985 in order to guarantee a safer and more efficient derivatives market. It introduced the so-called Big Bang Protocol in April 2009, a protocol with contractual standards signed by around 200 banks, professional investors and hedge funds. The aim of this protocol is to reduce systematic risk, promote the contract standardization and the central clearing. 2 The reform of the financial regulation of the OTC derivatives market took place in the United States and Europe with two fundamental regulations, the Dodd-Frank Wall Street Reform and Consumer Protection Act and the European Markets and Infrastructure Regulation (EMIR) respectively. The first, introduced in the US in July 2010, brought changes about rules, controls and supervisory authorities in order to improve the transparency and accountability of the financial system. It has also made it mandatory to use a clearing house for OTC contracts. On the other hand, the second regulation was introduced in Europe in 2012 and made it mandatory several kinds of information, communication and behaviors and the use a clearing house for standardized OTC contracts. In Europe, it is worth mentioning also the MiFID I (2004) and MiFID II (2014) directives and the MiFIR regulation (2014). These regulations established that all derivative instruments, with a specific level of liquidity, are traded on regulated markets, MTFs (Multilateral Trading Facilities) or SI (Systematic Internaliser). spreads influences the price discovery process, so the mechanism through which it is possible to determine the price of a financial instrument, starting from the information available to each market participant. If a financial asset is traded in only one market, the price discovery process will take place in that market; if, on the other hand, the financial asset is traded in different markets, the price discovery process will possibly not occur in all markets at the same speed.
For this reason, it is important to identify which market is the first to incorporate the new information, thus leading the price discovery process.
The aim of this work is to analyze, through an econometric model, the relationship between the CDS market and the bond market, so to identify whether the new information tends to be absorbed firstly into CDS prices rather than bonds, or vice versa. Many studies analyzed this theme with reference to 2008-2012, but since then, there have been many changes in the financial markets: the size and liquidity of the markets have changed, the performance of government bond yields in most European countries has been reversed and important regulatory changes regarding the negotiation of CDS have been introduced in European and US regulations. We thus verified if more up-to-date results confirm the empirical hypotheses proved by [1] , about the theoretical equivalence between the CDS premium and the credit spread of the underlying bond, and on the price discovery process of the credit risk between the CDS market and the bond market.
The analysis is carried out on both corporate and sovereign bonds, for the period 2011-2018. As regards to the sovereign market, the work analyzes six countries in the Eurozone area, three core countries (Germany, France and Belgium) and three peripheral countries (Italy, Spain, Portugal). The analysis on the corporate market is carried out on seven financial institutions and seven non-financial institutions, selected on the basis of the liquidity levels of their CDSs and bonds.
The reminder of the paper is organized as it follows: Section 2 is devoted to the related literature, Section 3 describes the dataset, Section 4 presents the preliminary analysis and the econometric approach, Section 5 reports the empirical results and Section 6 concludes.
Literature Review
The hypothesis underlying the correct functioning of financial markets is the so-called "no-arbitrage model". This means that financial assets prices reflect all the information available at a given time for these assets.
In dynamical terms, this means that as soon as new information is available, it is suddenly included in new expectations and prices. In this framework, it is important to understand whether the new expectations are firstly included into
CDSs' prices and then in bonds', or vice versa, in the aim of verifying whether one of the two markets has a leading role in the price discovery process of credit risk. The study of these dynamics has been the subject of numerous studies over the last decade, both about the corporate market and the sovereign market.
As regards the corporate market, the most recent studies showed that the trend of the CDS-Bond Basis was close to parity in the years of relative financial calm, while it was persistently negative during the 2008 crisis. The analysis of price discovery process showed that the CDS market often had a leader role. In particular:
Reference [2] was the first to study the relationships between the credit spread and the CDS premium, using a sample of US and European investment grade companies in the 2002-2005 period. The authors identify a positive basis close to zero (around 6 bps). According to the authors, the positive basis is due to different reasons: 1) the presence of a "cheapest to delivery" option in the CDS with physical settlement, which allows the buyer to choose the most economic security among a basket of deliverable securities, causing a disadvantage for the contract seller; 2) the lower liquidity of the CDS market, therefore implicitly including a premium for this risk. As regards the price discovery process, the authors identify that the CDS market as a leader role for the bond market in 80% of their sample. The authors affirm that these results are due to the structural conditions of the CDS market, whose features make it easier to take short positions on credit risk in derivatives markets rather than bond markets.
Reference [3] analyzes the relationships between CDS premium and bond bps. According to this paper, the gradual decline of the basis is due both to the so-called "flight to liquidity", which pushes bond spreads higher, and to the increase in repo rates and haircuts.
As regards the sovereign market, the CDS market has had a strong growth only in the most recent period, due to the worsening of public debt and budget deficits suffered by almost all European countries after the 2008 financial crisis 3 .
All studies agreed that the trend of the CDS-Bond basis was close to parity during the years 2004-2007, reaching around 40 bps in the following period. In particular:
Reference [6] was the first to analyze the price discovery process between the CDS market and Government Bond one. The authors use a sample of 18 sovereign issuers divided into core countries, peripheral countries and developing countries. The analysis, carried out on period 2007-2010, confirm the presence of a long-run parity relationship between the prices of CDS and those of government bonds. According to the authors, the size of the CDS market for sovereign issuers is smaller than the outstanding securities. This can be a reason to explain a higher liquidity premium in derivative contracts. As regards the price discovery process, the authors achieve different results: for the core countries the bond market is a leader in the price discovery process, while for the peripheral and developed countries, the CDS market contributes more to the price discovery process. Reference [8] analyzes the relationship between CDS premium and bond spread for PIIGS countries in the period 2008-2011. The author observes the presence of a positive basis. One of the reasons is the different currency denomination for CDSs and Government bonds. In fact, CDS contracts are denominated in USD, instead, the bonds are denominated in EUR. This contributes, according to the author, to greater cost of the CDS. As regards the price discovery process, the author reaches the following results of previous works: for France and Italy, the leading market is that of government securities, while for Greece and Spain the CDS market has a leading role. For Portugal and Ireland, O'Kane D. observes a causality in both directions. Reference [9] analyzed six European countries (Austria, Belgium, Greece, Italy, Ireland and Portugal) in the period 2001-2011. The authors find a basis close to zero in the period 2004-2007, while the basis is positive and more volatile in the period 2008-2009. As regards the price discovery process, they achieve the same result of previous works, thus the CDS market has a leading role.
In this work, the following studies have been taken as reference, the first for its goals and the similar analysis methodology, while the second is one of the most recent study.
Reference [10] analyzed the relationships between CDS premium and bond spread for both sovereign and corporate markets. The sovereign market sample tive basis for all countries apart from Greece. According to [10] the negative basis is due to Greece downgrading/default expectations, the high repo rates and haircuts required for financing operations. As regards the corporate market, the authors observe a negative basis for issuers with a rating equal to or less than BBB, a basis close to zero for issuers with A or AA rating; a positive basis (3 bps) for issuers with AAA rating. As regard the price discovery process, the authors confirm the leading role of the CDS market for countries like Spain, Greece and
Ireland. For the other countries, instead, the results do not allow to define a leading market role.
Reference [11] analyzed the price discovery process of core and peripheral countries of the Eurozone in the period 2008-2014. The authors observe that there is a relationship between CDS premia and bond spread only during high volatility periods. During the two recent financial crises the CDS demand and the liquidity of the relative market increased, making the CDS market more efficient in the price discovery process. On the other hand, the bond market has a leader role when the credit risk has a negative trend.
In the same line of the papers cited above, which mainly analyzed this theme in the period 2011-2012, this study analyzed the possible links between CDS premiums and bond spreads, as regard both sovereign and corporate markets, in the period 2011-2018, for verifying if more up-to-date results confirm the previous findings about the price discovery process of credit risk between the CDS market and the bond market.
Data
The analysis is performed on two samples, of government bonds, and corporate bonds.
The government bond market analysis is performed with reference to six Eurozone countries, three of which belong to the core area (Germany, France and Belgium) and the other three belonging to the peripheral area (Italy, Spain and Portugal) ( Table 1) . As regards the corporate market, due to their diversity in terms of size, concentration and risk levels, the analysis is performed with reference of a sample of listed companies based in the same countries selected for the sovereign market analysis, including a sub-sample of financial issuers (reported in Table 2 ), and a sub-sample of non-financial issuers. As regards the "non-financial" sample, this study analyzes the companies, listed in Table 3 , whose bond and CDS markets appear to be the most liquid.
The analysis is carried out using daily observations 4 of CDS premiums and bond spreads during the period April 2011-September 2018.
As regards the CDS premiums, time series of both sovereign and financial/corporate entities, our analysis is performed on 5 years CDS, due to the higher liquidity of this market, which determines a higher reliability of the values. The considered values for CDS shave the following characteristics:
1) Financial/corporate CDS are denominated in EUR, while sovereign CDS are denominated in USD 5 .
2) Closing market mid price.
3) Single name ISDA 6 contracts with physical delivery and notional equal to €10,000,000.
The different currency denomination of CDS premiums is due to the new ISDA standard, whose aim is to reduce the currency risk linked to CDS contracts. In the recent past, in fact, the risk of a possible default of a country has implicated an exchange rate swinging and so a depreciation of EUR currency. 4 The analysis uses data coming from Bloomberg platform. 5 As [8] showed, using contracts with different currency denominations between CDS and bonds could generate an exchange rate risk that leads CDS sellers to demand higher premiums, creating upward pressure on the CDS-Bond Basis. 6 The single name (or plain vanilla) contracts are the simplest form of ISDA contracts, whose underlying is a single reference entity. This means that the fair value of CDS premium would increase with a resulting impact on the buyer/seller of credit risk protection.
In order to calculate the CDS-Bond basis, the bond yields-issued by the same reference entity and with the same maturity date as the CDS contracts are needed. As regards the Government bonds, which have fixed maturities 7 , it is possible to use the market benchmark securities with a five years maturity. As regards the financial/corporate sample, instead, synthetic bonds with a maturity of 5 years have to be created. As already demonstrated in previous studies, these can be obtained by linearly interpolating the yields of two bonds, one with a shorter maturity and one with a longer maturity than that of the considered CDS. The method is so widely used that Bloomberg included in its platform a specific function 8 for computing it. Moreover, a risk free rate is needed for computing the bond spread. In the bond market, usually, the yield curve of government bonds of safe countries is used as benchmark. But in the recent years, government bonds seemed to be increasingly inadequate as the possibility of default of a country resulted to be actually real, so no government bond can be considered as risk-free rate. For overcoming this problem, [1] suggested the use of the General Collateral Rate (GCR), as to say the repo rate. However, the GCR is only available for maturities shorter than one year. Another chance used also for this study and in most of the previous studies, is to use as reference, the five-year swap rate curve. These are, in fact, synthetic derivatives quoted on constant maturities with unlimited amount.
CDS-Bond Basis Dynamics
As shown in Figure 1 , the CDS premium and bond spread, as regards the financial sample, have a common negative trend. On the other hand, the CDS-Bond Basis is positive (21 -75 bps on average) for the entire financial sample, with 7 Equal to 3, 5, 10, 15, 30, 50 years. 8 Bloomberg uses the securities' mid price after the market closing and it is referred to senior bonds, with no guarantee, fixed coupons and without options or step-up clauses. Modern Economy some negative peaks during the first years of the considered time span, which refer to the years just after the financial crisis, characterized by strong instability and economic weakness. The long-run trend of the three variables is common to all the observed entities, except for Deutsche Bank, for which there is a strong increase in the three variables between the second half of 2016 and the first half of 2017, due to the news related to its involvement in some market violations starting from the 2000s, and to the subsequent penalties inflicted by the US and UK.
As shown in Figure 2 , the CDS premium and bond spread, as regards to the non-financial sample, have a common negative trend. On the other hand, the CDS-Bond Basis is positive (16 -34 bps on average) for the entire financial sample, with just some specific and differentiated negative peaks, which can be attributed to the differences among the sectors of the examined companies.
As regards the sovereign sample, reported in Figure 3 , the CDS premium and bond spread have a common negative trend, except for those of Germany, which influence is so big that the CDS-Bond Basis for the whole sovereign sample results to be is positive (17 -80 bps on average). The Basis has positive peaks for core countries and negative peaks for peripheral countries, due to the "fight to liquidity" 9 phenomena and the higher liquidity 10 of sovereign bonds considered as safer assets.
Starting from the second half of 2014, the basis is positive for the entire sovereign sample, due to the ECB monetary policy, which led to lower interest rates, which reached zero in November 2014, and to the Quantitative Easing started in 2015. We thus split the considered time span, and performed the analysis separately for the two different time periods, from April 2011 to April 2014, and from May 2014 to September 2018. Table 4 reports the descriptive statistics for each time series of the dataset, which show respectively the number of observations, the mean and the standard deviation.
Preliminary Analysis and Econometric Approach
A null CDS-Bond basis in the long-run means that there is a common trend between the time series of CDS premiums and bond spreads. Therefore, testing the presence of cointegration 11 between the two time series is important to prove the existence of a null basis in the long-run. Two or more time series are cointegrated if they have a common stochastic trend, which means that there is a static equilibrium between the time. 9 This phenomenon occurs when investors sell an asset that is considered less liquid and riskier, to the benefit of assets considered safer, such as government bonds of core countries or bonds of investment grade issuers. 10 The CDS value and the related bond include a liquidity premium. As the CDS market is more or less liquid than the bond one, this implies a liquidity premium in the CDS prices, respectively lower or higher than bond credit spread, influencing the value of the basis. 11 The cointegration occurs only when two or more time series are not stationary. This means that there is cointegration between the two non-stationary processes of order ( ) In this work we use both the Johansen 12 and the Engle and Granger 13 tests to prove the presence of cointegration between the two time series, in order to 12 The Johansen test is used to test if two or more time series are cointegrated. The test examines the rank of the cointegration matrix as described by [12] . Formally, given a ( )
model and a generic k-so ∆y t = −πy t −1 + ε t , where π is the cointegration matrix with maximum rank k-the test examine the rank of the matrix π through the following steps: Figure 3 . CDS-Bond basis dynamics for sovereign sample.
1) H0 (Rank = 0) vs H1 (Rank > 0). If null hypothesis is not rejected, then there is no cointegration between vectors. On the other hand, if the null hypothesis is rejected, then there is at least a cointegration vector.
2) Then, H0 (Rank = 1) vs H1 (Rank > 1). If the null hypothesis is rejected, then there is a cointegration vector. On the other hand, if the null hypothesis is rejected, there are at least two cointegration vectors.
3) This process works with test on higher rank until the null hypothesis is not rejected. If the null hypothesis is rejected when testing the maximum rank, the time series are not cointegrated and not stationary. Below all possible results after the test: 1) Rank = 0: all time-series are not stationary and not cointegrated; 2) Rank = 1: all time-series are not stationary and cointegrated; 3) Rank = 2: all time-series are stationary and not cointegrated. 13 The Johansen test leads often to wrong results, such as rejecting the null hypothesis of no cointegration. This happens because a common trend between economic variables is caused by complex interactions between different elements, which are difficult to identify. For this reason, the equilibrium of the long-run relationship between CDS premium and bond spread is also verified by means of the Engle-Granger test. This test analyzes the regression y t = β 0 + β 1 x +, where y t and x are the two different processes (CDS and bond spreads), then it stores the residuals and carries out the unit root test (Dickey-Fuller test) on the residuals in order to verify if they are stationary. If the residuals are stationary, then a linear stationary combination of y t and x exists, so the two processes are cointegrated (see [13] ). With:
where:
1 t Z − is the ECM, which represents the deviation of the CDS premiums and the bond spreads from their long-run equilibrium of null basis; 1 λ and 2 λ are the adjustment parameters which correct the spreads' deviation toward the equilibrium, which accounts for the prices speed in correcting their mismatch in the long-run dynamic.
The significance and the sign of the adjustment parameters allow to analyze how fast they absorb the new information in the following way:
λ is negative and significant, then the bond market absorbs information faster than the CDS one, so bond market leads the price discovery process.
If 2 λ is positive and significant, then the CDS market absorbs information faster than the bond one, so CDS market leads the price discovery process.
If both coefficients are significant with the correct sign, then both markets actively contribute to the price discovery process.
In the last case, the relevance of one of the two markets in the price discovery process is analyzed by means of the Gonzalo-Granger (GG) statistic, which measures the relative importance of both coefficients by means of the following ratios:
( )
In this case, the leading market in the price discovery process will be determined by means of the Granger's causality test.
Results
As reported in Table 6 , the price discovery process-analyzed by means of Granger causality test for all sub-periods-shows that the bond market has more often a leader role than the CDS market. Only for two entities of the sovereign sample, Belgium and Spain, the CDS market leads the price discovery process in the period May 2011-September 2018. For other entities, both CDS and bond market contribute in a similar way to the price discovery process of credit risk, is therefore not possible to identify a leader market in these cases. Table 7 reports the results of the analysis of the price discovery process, by means of the sing and significance of adjustments coefficients of VECM model and also the Gonzalo-Granger statistic, for the entities characterized by stationary residuals, which shows that in all considered cases the bonds market has a leader role.
In summary, our results show that in the largest part of cases the bond market has a leader role in the price discovery process of the credit risk. Only in some cases, namely Spain and Belgium for the period May 2014-September 2018, is the CDS market to lead the process.
These results are in line with the more recent literature, which analyzes the price discovery process in the years following the 2008 financial crisis, while they nomination for CDS and bond determines an exchange rate risk that can cause an increase in the CDS-Bond basis due to a higher cost in CDS pricing. This is certainly valid for the corporate market, while it could be a weaker argument for the government bond market in a period of strong economic and political instability. Anyway, the new ISDA standards, introduced in 2011, require that the currency denomination of the CDS contract is no longer the EUR, but the USD. The combination of the two effects determined substantial changes in the price discovery processes, bringing bonds to take the lead in the largest number of cases.
Conclusions and Remarks
This study analyzed the possible links between CDS premiums and bond spreads, as regard both sovereign and corporate markets, in the period 2011-2018. Most of past studies analyzed this theme in the period 2011-2012. Since then, there have been many changes in the financial markets: the size and liquidity of the markets have changed, the performance of government bond yields in most European countries has been reversed and important regulatory changes regarding the negotiation of CDS have been introduced in European and US regulations.
We thus verified if more up-to-date results confirm the empirical hypothesis proved by [1] , about the theoretical equivalence between the CDS premium and the credit spread of the underlying bond, and on the price discovery process of the credit risk between the CDS market and the bond market.
The analysis of the CDS-Bond Basis for all the considered markets has shown that it is constantly away from parity and, in particular, positive on average. This is due to a decrease of both the CDS market liquidity and the bond credit spread liquidity, as confirmed by the cointegration analysis, reporting the absence of a null basis relationship for almost all the analyzed reference entities.
The analysis of the price discovery process of the credit risk between the CDS market and the bond market, examined by means of the VAR and VECM models, confirmed, in almost all the analyzed reference entities, the leader role that the bond spread market plays in the price discovery process of credit risk. This result is partially in line with the previous literature, whose aim was the study of the economic scenario prior and during the two financial crises of the first decade. The results are, in fact, in line with the literature that analyzed the price discovery process after the two financial crises. With the financial crisis of 2008 and the public debt crisis in 2011, in fact, the attention paid to the relationships between the CDS premium and the bond spread has increased, trying to identify which was the leader market in the credit risk pricing, as if this leading role was played by the CDS market, then a speculative use of these derivatives could create pressure on the bond market. These concerns have prompted the policy makers to improve the regulation of the credit derivatives market in order to place restrictions on the operation of CDS and to make the related trades more transparent and standardized, so reducing the systematic and counterparty risks of these instruments.
Our results show that the bond market has almost always a leader role in the price discovery process of the credit risk between the CDS market and the bond market, and just in some cases, all of which referring to sovereign bonds for the period May 2014-September 2018, is the CDS market to have a leader role.
These results bring important information for the arbitrage activity, which is always aimed at selecting the early signals of market variations, so to anticipate the market ongoing, and obtain some gain from it. The knowledge of which market has the leading role in influencing the subsequent markets performances is thus fundamental in this attitude.
